This paper gives an overview of biogeochemical investigations performed in forests by the author during more than 50 years -from the start of the academic carrier up to the present day. An interesting feature is that old investigations have been published again with addition of new data. Some results are presented in a short way illustrating tools for integration and synthesis, such as carbon budgets of single trees as well as whole forest ecosystem. The value of long-term observations is discussed as well as the emergence of a new science, ecosystem ecology.
Introduction
Forest biogeochemistry has been a key area of interest for Professor emeritus Emil Klimo. This paper deals with the same area and is a review, rather personal, of research efforts carried out during the last half century in Sweden by the author and collaborators. Over the years a number of environments have been subject to investigations, either as individual projects or team projects.
The start was in 1958 with investigations of water relations, which resulted in research on differentiation of flora and vegetation, soil physical and chemical factors leading to investigations of biogeochemistry of an oak forest, meadows and fens in a nature reservation -Linnebjer. This was done close to my university in Lund, Southern Sweden. It resulted in a doctoral thesis (Andersson 1970a, b and c) . Recently, now almost 60 years later, some parts of the early investigations have been repeated in order to find out possible changes during this period (Andersson, Nihlgård 2016) .
In 1970 the time became ripe to be involved in large-scale ecosystem research, which was initiated as a consequence of the activities of the International Biological Programme -IBP. A project on the Swedish Northern Coniferous Forest (SWECON) was launched (Persson 1980) and was run [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] . The main research area was in Central Sweden -Ivantjärnsheden, Jädarås, a Scots pine forest on sandy soil. At this time there was also an interest in Czechoslovakia for this kind of projects. Emil Klimo visited our project in order to study how to establish similar activities. He had also an interest in our research as such and spent a sabbatical leave with us.
A typical demand for Swedish biogeochemical research has been that hypothesis need to be tested with experiments. Examples of Swedish forest experiments are given in Table 1 (Andersson, Lundqvist 1988) .
During 1977-1982 I was not only one of the leaders of the SWECON-project, but also responsible for the air pollution or acid rain research at the Swedish Environmental Protection Board. A project, the Gårdsjö project, was launched dealing with a comparison of an acidified, un-limed lake and a limed lake as well as to quantify, in numerical terms, the sources to acidification of a lake (Andersson, Olsson 1985) . The latter investigation needed a biogeochemical approach.
The emergence of ecosystem science became a realty (Coleman 2010) during the IBP-time. My experience from these years and as an ecosystem ecologist has been given as a "testimony" in "Terrestrial Ecosystem Ecology -theory and applications" (Ågren, Andersson 2012) , now a textbook in use in Brno.
Material and methods
Material and methods used for these investigations are given in the references presented in the previous section.
Results and discussion
The investigations reported in the previous papers are many and diverse. Therefore only a few findings will be briefly reported related to the theme of the day -biogeochemical cycling. The purpose is to give examples of tools, which can be used for integration and syntheses within the area.
Linnebjer
Linnebjer is today a Natura 2000 area (Figure 1). A Special area was subject to detailed investigations ( Figure 2 ) and the of ground water gave here rise to two different regimes of water movement -in the forest one vertical movement and in the lower parts of the meadow and fens a horizontal movement of importance for chemical effects on the soils.
The investigations with time also included biogeochemical cycling. The results were published in 1981 published in (Reichle 1981 . Data is there available in a data bank, included in the reference cited. As the publication was incomplete a final publication was done recently (Andersson 2014) . It dealt with plant biomass, primary production and mineral cycling. The paper contains information on carbon, nitrogen and sulphur. The biogeochemical cycling is discussed out from a schematic model (see Figure 3 and Table 2 ).
Old investigations, when repeated, have the advantage that changes can be registered. In Linnebjer it could be concluded that the tree layer of the oak forest had changed as an oak disease had developed and affected the tree layer. Further, soil chemical analyses revealed that a soil acidification had continued with losses of calcium and magnesium as a consequence of deposition of sulphate (Table 3 and 4). The leached elements from the forest were found in the humus layer of the meadow and fens. However, the present levels of sulphate are low and nitrogen still high.
Ivantjärnsheden
The research area was a Scots pine forest on sandy soil. An age series of forests was identified (Figure 4) . A variety of investigations were carried out, among them tree physiology studies with gas exchange measurements. These were done in an experimental area including control, fertigation (fertilizer composed according to the need of the tree and dissolved in water), irrigation and fertilisation with solid fertilizer.
The fertigation in operation can be seen in a photo as well as the vegetation response after eight years ( Figure 6 ). Budgets are common in biogeochemistry. A specific one is here related to a carbon budget for a young pine tree (Ågren et al. 1980 ). The carbon uptake by the tree is balanced by the utilization (Table 6 ). The latter was used as follows: respiration of stem and branches 4 % and roots 6 %, growth of stem, branches and needles 33 % and of roots 57 %. Below-ground processes are still less known.
The SWECON-project resulted in a number of results during 1972-1981: 15 professors, more than 200 papers in reviewed scientific publications and 150 reports (SWECON -Reports and publications, 1984) . The investigations with time also included biogeochemical cycling. The results were published in 1981 (Reichle 1981). Data is there available in a data bank, included in the reference cited. As the The investigations with time also included biogeochemical cycling. The results were published in 1981 (Reichle 1981). Data is there available in a data bank, included in the reference cited. As the and sulphur. The biogeochemical cycling is discussed out from a schematic model (see Figure 3 and Table 2 ). Old investigations, when repeated, have the advantage that changes can be registered. In Linnebjer it could be concluded that the tree layer of the oak forest had changed as an oak disease had developed 
Tab. 1: Swedish forest experiments related to nutrient addition, liming and fertigation
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Fig. 3: Schematic model of organic matter and mineral cycling. Explanations: P -Production; B -Change in biomass; C -
Gårdsjön
The Gårdsjö area is situated N of Gothenburg on the west coast -an area with previously high deposition of sulphur and now also of nitrogen. The area has shallow soils of moraine and on acid bedrock. Considering earlier experiences the area was suitable for further investigations. A project was started comparing an acid, nonlimed lake and a limed lake. A second aim was to quantify the sources of acidification of the lake.
In order to derive, in quantitative terms, the sources to lake acidification a budget approach had to be used. Processes leading to input and output from micro-catchments had to be measured and converted into protons or hydrogen ions to be compared with the output/losses of protons from the drainage area (Nilsson 1985) . It was concluded that 40-55 % of the protons to the lake came from atmospheric deposition to the soil (Table 6 ). The lake acidification was most likely caused by direct input of protons to the lake surface and increased sulphate flux from the soil to the lake caused by leaching due to sulphate ions. 
Growth
1523 90 -Stem 145 8.5 -Branch-axes 132 7.8 -Current needles 286 16.9 -Roots 960 56.6 Total utilization 1696 100
Skogaby
The Skogaby experiment was started in order to reveal the causes of "forest damage" -a complex scientific issue dealing with the interaction between climate and tree nutrition . The experiment was done in a 23 year old Norway spruce forest. It included control, drought (roof), irrigation, nitrogen+sulphur addition, vitality fertilization, ash addition and various combinations with drought ( Figure 7) .
So far only the effects on the long-term addition of nitrogen and sulphur has been analysed (Persson, Nilsson 2001) . The growth reaction of the tree layer in terms of basal area growth and dry matter production up to 2000 showed that fertigation (IF) gave the highest response and culminated in 1992 followed by irrigation and nitrogen+sulphur addition (Figure 8 and 9) . The latter declined compared to control after 1996.
As an example for element cycling of carbon and nitrogen in a young Norway spruce forest material has been taken from this investigation (Figure 9 ) (Ågren, Andersson 2012) . 
Hestehave
The author has also been involved in the Danish IBP-project -an investigation of a mature Danish beech forest. The first biogeochemical results were given in a report by the author (in Thamdrup 1973). A revision of tree biomass and production was done in 2014. A considerable growth increase had occurred during the period 1967-2014 (Andersson 2015) . The increased deposition of nitrogen could be a contributing factor (Table 7) .
Conclusion
This paper reports, in a condensed form, research activities relating to the field of forest biogeochemistry, where the author has been involved for more than half a century. Different kinds of budgets are referred to: tree budgets and ecosystem budgets for various elements. The paper mentions also how a new discipline of ecosystem ecology has developed and been accepted. 
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